Potato blackleg disease is surveyed for spreading out in different potato growing areas in Jordan including;
INTRODUCTION

Potato (Solanum tuberosum
carotovora (Jones, 1901) ), brown rot (Ralstonia solanacearum (Smith, 1896)), ring rot (Clavibacter michiganensis subsp. sepedonicus (Spieckermann and Kotthoff, 1914) ) and potato scab (Streptomyces scabies (Waksman and Henrici, 1948) ). Erwinia carotovora subsp. atroseptica (Eca) the causal agent of blackleg is a seed born pathogen blackleg disease is one of the most important diseases attacking potato and drastically resulting in economic losses wherever it is grown (Elphistone, 1987; Cappaert et al., 1988 , Bell et al., 2004 . In USA, Kennedy and Alcorn (1980) estimated the annual losses in potatoes, due to blackleg disease, to be around 14 million dollars.
Blackleg has a restricted host range, where potato being the major host plant in cold to temperate regions (Perombelon and Kelman, 1987; George et al., 1991 , Helias et al., 1998 Helias et al., 2000) , sugar beet and sunflower were also reported as more hosts (Stanghellini et al., 1977; Mendonga and Stanghellini, 1979; Whiteney, 1982; Gudmestad et al., 1984; Jorge and Harrison, 1986; Schuerger and Bartz, 1993) . Contaminated tubers, diseased or infected as propagative materials, are considered as primary inoculum sources for blackleg disease (Ward and De Boer, 1994 ; van der Wolf et al., 1996; Al-Masa'deh and Khlaif, 2003) .
Blackleg, which is a seed-born pathogen, is one of potato diseases under quarantine system in Jordan. To restrict the spreading of the disease, different methods were followed to detect the pathogen from infected or contaminated potato tubers or latent infection, with varying degrees of specificity, sensitivity and suitability for large scale use (Perombelon and Hyman, 1995) . As for these methods; direct isolation on common and selective media, such as crystal violet pectate (CVP), where the isolation of the causal agent could be seriously affected by the presence of large numbers of saprophytic bacteria (Jones et al., 1994) . Immunological methods, such as enzyme-linked immunosorbent assay (ELISA), were found to be inefficient in detecting low population of the pathogen and can't detect all Eca different strains (De Boer and McNaughton, 1987; Gorris et al., 1994) .
Furthermore, these methods are time consuming, and relatively expensive. Therefore a rapid and efficient diagnostic technique for detection and identification of Eca is needed. Polymerase chain reaction (PCR) proved to be highly sensitive and specific method for the detection of blackleg pathogen in potatoes Ward, 1995, Perombelon and Hyman, 1995) . Accordingly, this research was conducted in order to isolate and identify Eca, from different potato-growing areas surveyed in Jordan Valley and Uplands. Bacterial isolates, those are taken from diseased and symptomless tubers as well as plant-stem samples, were amplified using PCR. Genetic diversity, among different bacterial isolates, though PCR-RFLP was also aimed.
Materials and Methods
Samples collection: Potato samples, were randomly sampled including tubers and stems. Symptoms of blackleg-diseased samples were collected from different potato growing areas in Jordan (Table 1, Fig. 1 ). The collected samples were placed in an ice box and brought to the laboratory for further work. The obtained bacterial isolates were then grown on NA's slants and placed in a refrigerator for further identification (Schaad, et al., 2001 ). (Schaad et al., 2001, Perombelon and van der Wolf, 2002) . The same tests were run against a reference culture of Eca isolate (ATCC 33260).
DNA extraction from bacterial cultures: Erwinia carotovora subsp. atroseptica isolates were grown on NA plates at 25°C for 24 hrs, then from each isolate few bacterial colonies were picked up with a sterile loop and mixed thoroughly in 500 µl sterile ultra pure water and then heated at 50 °C for 3 hrs. DNA was precipitated from the supernatant fractions by adding 1 volume of isopropanol and then pelleted by centrifugation at 15,000 rpm for 4 min's. Pellets were washed with 70 % ethanol and dried at 58 °C for 10 min's, then re-suspended in 100 µl of nuclease-free water (Promega, USA), and stored at -20 °C for further PCR work Ward, 1995, Helias et al., 1998) .
Bacterial DNA extraction from plant samples (infected and symptomless plant material): Plant tissues were macerated with sterile distilled water by using sterile mortar and pestle, and then stored on ice for 10 min's to allow debris and starch to settle. Then the supernatant was taken to new centrifuge tube and centrifuged at 5000 rpm to remove excess plant debris.
After that the supernatant was transferred into new centrifuge tube and spun at 14000 rpm for five minutes to pellet the bacterial cells. Then the supernatant was discarded without disturbing the pellet and washed with 70 % ethanol, dried at 58 °C for 10 min, then resuspended in 100 µl of nuclease-free water (Promega, USA), and stored at -20 °C (De Boer and Ward, 1995 , Helias et al., 1998 , Smid et al., 1995 . 
Data analysis:
The digested DNA bands for the 46 bacterial isolates were scored as 1 for presence, 0 for absence and 9 for missing bands. Band size was identified in base pair. Similarities between isolates were estimated according to Dice (1945) . Cluster analysis was conducted using the unweighted pair-group method, arithmetic average (UPGMA). All genetic analyses were conducted using a program in NTSYSpc 2.0 software (Rohlf, 1998) .
Results
Samples collection and disease incidence:
One hundred forty five diseased potato samples (Table 1) . The recorded disease incidence at the time of samples collection varied between the different locations and ranged from 5% to 28% for Madaba and AlMudawwara location respectively (Table 1) .
Isolation, Identification and characterization of the causal agent:
When the suspensions of the natural diseased potato 
Detection of the 690-bp DNA band from bacterial cultures and PCR-RFLP analysis:
The DNA extract of the 46 Eca isolates was amplifie using PCR that produced the expected 690-bp band size when ECA1f and ECA2r were used (Fig. 2) (Fig. 4) .
Finally, the isolates (Ka29, Ka30, D15, D16, D20
and D23) were fallen in the fifth group. The PCR amplified product of the 690-bp of these isolates resulted in bands formation of (447, (Fig. 4) .
Detection of Eca from naturally infected-and symptomless-potato plant tissues:
Results of direct isolation on Logan's medium from symptomless potato tubers and stem samples are presented in Table ( 3). The results showed that Eca was not recovered from the symptomless potato stem samples, when their suspension was streaked on Logan's medium plates, while the 690-bp typical for Eca was detected in 8% of the DNA extracted from the same symptomless potato stem samples amplified with PCR and horizontally separated by gel electrophoreses (Fig. 2) . The results
show that Eca was recovered only in 4% of the symptomless potato tuber samples when their suspension was streaked on Logan's medium plates, while the 690-bp was detected in 32% of the DNA extracted from the same symptomless potato tuber samples amplified with PCR and horizontally separated by gel electrophoreses (Fig. 2) . (5'CGGCATCATAAAAACACG-3') and ECA2r
(5'GCACACTTCATCCAGCGA-3') that specifically amplified a 690-bp DNA fragment of E. carotovora subsp. atroseptica, the causal agent of potato blackleg, but not other E. carotovora subspecies.
Our results showed that Eca was isolated on Logan's medium from 30% of naturally infected potato plant tissue, at the same time 88% of the DNA-extracted samples produced the 690-bp amplification by PCR.
While in the case of symptomless potato tubers and stem samples, Eca was not recovered from the suspension of stem samples on Logan's media plates, and the 690-bp band was detected in 8% of their DNA extraction using PCR, and Eca was recovered in 4% of the symptomless potato-tuber samples on Logan's media plates, while the 690-bp was detected in 32% in the DNA-extracted samples using PCR. These results are in agreement with Frechon et al., (1998) who found that PCR was the most sensitive method for Eca detection (88%), followed by enrichment ELISA (72%) and normal ELISA, which was the least sensitive method (30%).
Using PCR was found to be more efficient in detecting Eca (Table 3) and McNaughton, (1987) that showed that 13 strains from Eca belong to only two specific PCR-RFLP groups. And the low variability in this subspecies is in agreement with serological studies that indicated the presence of only a few serogroups (De Boer et al., 1979) . Moreover, Costa et al., (2006) found low molecular variability between 10 tested isolates of Eca collected from Portuguese fields.
